We describe a case of tracheal rupture diagnosed after an apparently routine endotracheal intubation for otherwise uneventful lower abdominal surgery in a 33-year-old woman. Risk factors for tracheal rupture, presenting symptoms and signs, management of tracheal rupture and methods of airway management during the surgical repair of the tracheal laceration are discussed. In this case, "side-by-side" microlaryngoscopy tubes, one endobronchial and the other with the tip in the upper trachea, placed with fibreoptic assistance were used for airway management during the tracheal repair.
Tracheal rupture is a rare, life-threatening complication of endotracheal intubation that presents anaesthetic and surgical challenges. The injury may not be immediately obvious and the presentation can mimic other conditions. We report a case of a 33year-old female with a distal tracheal tear occurring after intubation assisted with a stylet. Clinical evidence of an air leak developed, but the definitive diagnosis was not made until operative repair. The delayed presentation and diagnosis and subsequent airway management for surgical repair are described.
CASE HISTORY
A previously well 33-year-old, 165 cm, 72 kg woman presented to a regional hospital for emergency laparotomy, following an ultrasound examination that confirmed an ectopic pregnancy. She had undergone an uneventful laparoscopy two months prior to this presentation and there was no other significant past medical history.
After induction of general anaesthesia, laryngoscopy revealed a Cormack and Lehane 1 Grade II view. A size 7.5 mm oral endotracheal tube (Portex, U..K.) containing a Satin-slip stylet (Mallinckrodt) was successfully placed at the first attempt. The stylet was not protruding from the tip and was withdrawn after the tube passed into the larynx. The cuff was inflated to just provide a seal and the tube was secured at the 22 cm mark. An uneventful open salpingo-oopherectomy was performed under general anaesthesia with intermittent positive pressure ventilation of an oxygen, nitrous oxide and sevoflurane mix. Airway pressures were not high.
The following day the patient developed surgical emphysema and decreased air entry on the right. A chest X-ray confirmed a pneumothorax on the right side, with the lung reduced to two thirds of its normal volume ( Figure 1 ). An intercostal chest drain was inserted. By the fifth postoperative day the pneumothorax had resolved, with minimal chest drain air leakage, although surgical emphysema in the chest and neck persisted. A computed tomogram (CT) of the thorax showed a diverticulum-like lesion originating from the membranous right postero-lateral aspect of the distal trachea, with a pneumomediastinum and pneumopericardium ( Figure 2 ).
The patient was transferred to our tertiary centre, where another CT scan of the trachea confirmed the findings. On the basis of the unusual appearances on the scan, a congenital pouch with an air leak was suspected by the radiologists (Figure 3 ). The chest tube was removed on day 7 and the patient remained well apart from persisting subcutaneous emphysema. Antibiotic prophylaxis against mediastinitis was commenced and a surgical repair of the trachea was scheduled for day 12.
The patient was premedicated with temazepam. A 16 gauge intravenous and a 20 gauge radial artery cannulae were inserted. Thoracic (T6) epidural anaesthesia was established and then general anaesthesia induced with fentanyl and propofol. After confirming ease of ventilation, rocuronium was administered and gentle ventilation with oxygen, air and sevoflurane commenced. A grade II view was seen on laryngoscopy and a 5 mm microlaryngoscopy tube (MLT, Portex, U.K.) was inserted into the trachea over a narrow gum-elastic bougie. Using a fibreoptic bronchoscope the tube was advanced into the left main bronchus with the top of the cuff just visible at the carina. Fibreoptic inspection revealed an apparent linear tear posteriorly in the distal trachea on the right. Isolated left lung ventilation was confirmed and the tube taped at 26 cm at the lips. A second MLT was placed just through the vocal cords (19 cm at the lips) and its position above the lesion was confirmed bronchoscopically. We considered using a double-lumen tube but felt it might interfere with the surgical repair and place the tracheal lumen opening adjacent to the laceration.
A right internal jugular central venous line was inserted and the patient was placed in the left lateral decubitus position. Satisfactory ventilation via the MLT in the left main bronchus allowed good surgical access to the trachea through a right posterolateral thoracotomy in the fourth intercostal space. A 4 cm longitudinal tear in the membranous portion of the trachea, extending almost to the origin of the right main bronchus, was identified and repaired with interrupted sutures. The pleura was closed over the trachea and an air-leak was excluded by ventilating via the upper MLT.
At the completion of surgery, neuromuscular block was reversed and sevoflurane ceased. 
DISCUSSION
Tracheal rupture following endotracheal intubation is a rare but potentially life-threatening injury. Due to the rarity of this event, there are no adequate prospective studies to evaluate its incidence. Descriptions of possible aetiological factors are based largely on a number of small case series [2] [3] [4] [5] .
Risk factors for iatrogenic tracheal disruption include those relating to the patient and equipment. The majority of reported cases involve female patients [2] [3] [4] [5] . In one review of 56 cases, two-thirds occurred in patients greater than 50 years old 2 . Other associated patient factors suggested include short stature 4 , corticosteroid use and chronic obstructive pulmonary disease 2, 3 . Difficulty in intubation, which intuitively would be expected to be associated with tracheal injuries, is variably reported. Thus a significant number of tracheal disruptions occur after apparently routine intubations.
Equipment-related factors associated with tracheal tears include the use of stylets (4 of 10 cases in one series 5 ), double-lumen tubes and over-inflation of the cuff. Cuff hyperinflation either acutely or over time with nitrous oxide expansion is thought to play a major aetiological role [3] [4] [5] [6] . Despite the fact that the gum elastic bougie is a common aid to intubation (recently quoted as being used in 3.9% of all intubations 7 ) there have been very few reported cases of trauma related to use of a gum-elastic bougie 8, 9 . The risk associated with gum-elastic bougie use appears to be very small. The vast majority of tracheal ruptures occur longitudinally along the membranocartilaginous junction, most commonly on the right. The presumed weakness at this anatomical site and an association between cuff and tear length (mean tear length was 4.8 cm in one series 4 ) supports cuff hyperinflation as a causative mechanism. Although stylets have been used in some cases, it seems unlikely that the blunt tip of a stylet -usually directed anteriorly-could be responsible for a posterior disruption. Nevertheless, the possibility that the tube and stylet had rotated during intubation in our patient cannot be excluded.
The clinical features consistently described following tracheal disruption are subcutaneous and mediastinal emphysema, and pneumothorax. Other features include dyspnoea, cough, haemoptysis, vocal change and pneumoperitoneum. If diagnosis is delayed and mediastinitis occurs, retrosternal pain, fever and leucocytosis may develop. Clinical signs usually develop immediately or shortly after extubation, but the development of clinical signs may be delayed for up to five days. Diagnosis is reliably obtained with fibreoptic bronchoscopy, which should be performed if unexplained subcutaneous, or mediastinal emphysema occurs after tracheal intubation. This was not performed in this case and would have aided diagnosis but would not have changed our anaesthetic management.
The unusual appearance on the CT scan in our patient could be explained by air being forced through the laceration during intraoperative positive pressure ventilation. This gave the appearance of a congenital sac outside, but communicating with, the trachea.
Management of tracheal disruption usually requires operative repair, although conservative treatment is an option for short ruptures (less than 4 cm) that are associated with minimal, non-progressive symptoms and for those occurring after non-thoracic procedures 10 . This was not considered here, as an underlying congenital malformation that would require definitive correction was suspected. The surgical approach depends on the location of the tear, with mid and lower tracheal ruptures repaired via right thoracotomy, but higher lesions via a cervical incision. A transcervical transtracheal repair has also been described 11 . In recent series, outcome after surgical repair was very good, with adverse outcomes usually related to the presenting illness rather than tracheal injury. In one series of 12 patients there was a single death due to acute respiratory distress syndrome that followed mediastinitis 5 .
Airway management during the repair of a tracheal tear requires safe ventilation of the patient, without further tracheal damage, while providing adequate surgical access.
There are a number of strategies for ventilation, including manually controlled jet ventilation, high frequency positive pressure ventilation and high frequency jet ventilation, distal tracheal intubation, spontaneous ventilation and cardiopulmonary bypass 12 . We considered cardiopulmonary bypass unsuitable due to the increased risk of bleeding after full heparinization and we do not have access to high frequency jet ventilators. The use of side-by-side microlaryngoscopy tubes has been described previously 13 . Compared to the use of a double-lumen tube, side-by-side microlaryngoscopy tubes allowed equivalent controlled selective ventilation of both lungs and significantly better access to the trachea for the surgeon.
